Technological advances in radiation beam planning and linear accelerator based radiation delivery have led to the development of three dimensional conformal radiation therapy (3D-CRT). The 3D-CRT clinical treatment in our hospital was started in September 1998 and till December 2002, 51 patients with M 0 stage prostate carcinoma were treated. Treatment method consisted of pelvis and leg immobilization, planning CT scan, marking of planning target volume and organs at risk and 3D beam plan using multileaf collimated beam shaping through beam's eye view display. Network controlled 3D conformal radiation therapy was delivered with portal image verification. The median 3D-CRT dose was 72 Gy. Of the 51 patients, 35 were followed-up till December 2002 (minimum follow-up 2 years) in whom 32 were disease free and 3 had progressive disease. Eleven patients died, 8 of progressive disease, one due to second malignancy and two of intercurrent illness. Five patients were lost for follow up during 0 -29 months period, after 3D-CRT. The acute rectal reaction (RTOG criteria) in 51 patients was grade 0 in 4, grade I in 31 and grade II in 16. None had greater than grade II rectal toxicity. The late rectal toxicity in 49 patients who had a minimum 6 months follow-up was grade 0 in 41, grade I in 3 and grade II in 5. Our experience suggests that a dose of 72 Gy by 3D-CRT can be safely delivered to the prostate and gastrointestinal tolerance during treatment and follow-up period was excellent.
INTRODUCTION
Response of tumor clonogen to radiotherapy depends on tumor radiation sensitivity, total radiation dose delivered and adequate coverage of the target. Increase in total dose increases the local control. [1] However, there are restrictions in higher dose delivery with conventional two dimensional (2D) radiation planning and delivery system as there is concomitant increase in normal tissue dose leading to enhanced acute and late toxicity.
Progress in computer technology has favoured the development of precision fractionated radiation delivery system, the three dimensional conformal radiation therapy (3D-CRT). This uses the advances in imaging, high speed computer workstations, computer assisted radiation beam planning and automated multileaf collimated linear accelerator machine. These technological advances have enabled the conformation of the radiation dose to the tumor -target volume. The 3D-CRT technique targets the prescribed radiation dose to the tumor, contouring the spatial distribution of the dose to the precise 3D configuration of the tumor. A special feature of 3D planning is the ability to calculate the dose at each point in the entire 3D space of the irradiated tissues using computer algorithms. Improved precision decreases the risk of anatomical misses and tumor under dosage. The beam's eye-view display in the 3D planning assists beam orientation and collimation for protection of normal tissue. This permits dose-escalation to the tumor without higher doses to the normal tissue.
The dose-response observation in prostate cancer radiotherapy by the Patterns of Care Study suggested improvement in local control with a dose of >70 Gy in stage C tumor. [2] However there was an increase in normal tissue toxicity. 3D-CRT has changed the scenario. 3D-CRT studies have shown that doses >70 Gy can be delivered to achieve better local control in prostate tumor with no increase of acute or late toxicity. [3, 4] The first 3D-CRT system in India was installed in our hospital and clinical services were started in September 1998. We present our initial experience of 3D-CRT in the treatment of prostate cancer.
MATERIALS AND METHODS
Over the period from September 1998 to December 2002, 54 prostate tumor patients were treated with 3D-CRT which included 51 patients with M 0 stage prostate adenocarcinoma. This paper reports the survival and toxicity in this group of 51 patients.
All patients had complete clinical evaluation and laboratory studies including complete blood count, renal and liver function tests and PSA estimation. CT scan of abdomen and pelvis, chest radiography and bone scan formed part of staging procedure.
The 3D-CRT equipment in our hospital consists of dual energy digital linear accelerator (Clinac 2300 C/D, Varian Oncology System) incorporating asymmetric X and Y collimators, 80 leaf multileaf collimator (MLC), electronic portal image device (EPID) and Micro MLC, Simulator-CT, 3D beam planning computer workstation (Cadplan Plus) and networking (Varis network).
The technique of 3D-CRT is as follows : Patients were immobilized (pelvis and leg) in thermoplastic mask system or vacuum lock fixation device in supine position. All underwent treatment planning intravenous contrast enhanced CT scans with 3 mm axial contiguous cuts which extended from midpoint of sacroiliac joint to below lesser trochanter of femur. In the 3D planning system the scans were imported through network. Gross tumor volume (GTV) and organs at risk (OAR) were contoured. The GTV included the prostate and seminal vesicles. The lower pelvic nodal areas were included in GTV for planning till December 2000, after which they were contoured only if pre treatment CT / MRI scans revealed involvement of the pelvic nodal area. The OAR included urinary bladder and rectum. The planning target volume (PTV) was contoured by automated or manual expansion of the GTV with a margin of 1-1.5 cm in X, Y and Z axis except at prostate-rectal wall interface where a margin of 0.6 -1 cm was used. The dose planned to prostate was 70-76 Gy. The seminal vesicles were planned to receive 50.4-60 Gy and the lower pelvic nodal region till December 2000 received a prophylactic dose of 45 Gy.
All beam arrangements were visualized using beam's eye view (BEV) display. MLC beam shaping was used to create beam apertures. Asymmetric collimation and wedges were used when necessary. X-ray beam energy used was 15 MV. All were coplanar beams. Four field (AP, PA and two lateral) conformal technique was used when lower pelvic nodes were part of treatment volume. Five or six field conformal planning was done when PTV included only prostate and seminal vesicles. Dose distribution was calculated with a pencil beam convolution algorithm with pixel-by-pixel inhomogeneity correction. The prescribed dose was normalised to 100% at the isocentre and 95% isodose surface covered the PTV. The maximum isodose within the PTV was 107%. Multiple beam plans were created and compared using dose volume histograms and images before selecting the optimal plan. Digital reconstructed radiograph (DRR) image from the axial CT images was created to visualize the fields of the selected plan. With the patient positioned in immobilization cast in simulator-CT, fluroscopic simulation and field marking was done. The DRR of the plan was used for field marking. Axial CT scan was done in simulator-CT for precise verification and isocenter marking (Figure 1) . Following field markings, the 3D beam plan was transferred from planning to linear accelerator computer workstation through network. The MLC field shape in linear accelerator was checked with BEV printout of all fields from the 3D planning system. 3D-CRT was delivered in linear accelerator with patient immobilized in supine position. Treatment delivery was controlled by network. Field verification with online EPID was done before the first fraction.
Patient evaluation was performed thrice weekly during treatment. Follow-up evaluations were at 3-6 month interval thereafter. Acute and late rectal radiation toxicity was graded according to RTOG criteria.
[5]
RESULTS
In 51 patients with M 0 stage adenocarcinoma prostate treated with 3D-CRT, the median age was 68 years. Of the 51 patients, the primary curative treatment in 41 was 3D-CRT in our hospital. The remaining 10 patients were treated for recurrent prostate tumor, after they had treatment elsewhere with orchidectomy and hormone therapy or prostatectomy. In this 41 patients, 22 were in T 2 N 0 and 19 were in T 3 N 0 stage group. The pre-treatment PSA was <10 ng/ml in 10 and >10 ng/ml in 31 patients. The Gleason's score was <6 in 18 and >7 in 23 patients.
The median dose to the prostate PTV in the entire cohort of 51 patients was 72 Gy. One patient with external and internal haemorhoids received 64.8 Gy. Two patients with T 2 N 0 stage had transperineal brachytherapy to a dose of 16.5
Kannan V, et al: 3D conformal radiation therapy in adenocarcinoma Of the total of 51 patients, 35 have survived, 5 were lost for follow-up and 11 have died. The median follow up for the surviving patients is 32 months (range 24-72 months). In this group 32 are alive, disease free with biochemical control (PSA <1 ng/ml) at a median time of 31 months. In the 11 patients who have died, 8 died of progressive disease. One patient with second malignancy and 2 with intercurrrent illness died with prostate tumor under control. In the 5 patients who were lost for follow-up, 2 did not report after completing 3D-CRT. The other 3 were disease free during their last visit at 6, 16 and 29 months respectively.
Acute rectal toxicity evaluated during treatment and for 3 months after completion of 3D-CRT in 51 patients was grade 0 in 4, grade I in 31 and grade II in 16. The late rectal complications in 49 patients who had at least 6 months follow up (41 had minimum 24 months follow up) was grade 0 in 41, grade I in 3 and grade II in 5. None had greater than grade II acute or late rectal toxicity.
DISCUSSION
Trends and predictions of cancer incidence projected by Indian Cancer Society, Bombay Cancer Registry upto the year 2002, identified prostate cancer as one of the common cancer in Mumbai occupying the fourth position of the leading cancer by site. [6] Prostate cancer is the most frequently diagnosed non-skin cancer in the Western male population. [7] The prostate cancer clinical guidelines panel of the American Urological Association recommended radiation therapy as an important option in management of localized prostate cancer. [8] A comparison of external beam therapy versus radical prostatectomy for 382 patients with low risk prostate carcinoma treated at a single institution revealed similar 7 year rates of biochemical control and cause specific survival. [9] Radiation dose to the prostate has been found to be an important predictor of local control and relapse free survival. In 738 patients with localized prostate cancer, radiation dose of >72 Gy, resulted in biochemical relapse free survival of 85% versus 54% for dose <72 Gy. [10] However the incidence of long-term complication increases with doses exceeding 70 Gy. [11] The radiation dose planning and delivery techniques have evolved from 2D to 3D treatment with increased ability to deliver higher target dose. [12] 3D-CRT overcomes the limitation of normal tissue toxicity. In 3D-CRT the prescribed radiation doses conform to the outline of planned target volume in its entire 3D configuration. Therefore the risk of underdosing the target is reduced. Effective exclusion of normal tissues permits dose-escalation to the target to high levels.
Fox Chase Cancer Centre dose-escalation study in prostate cancer by 3D-CRT showed a significant improvement in biochemical freedom from failure (bNED) as assessed by serum PSA. The 3 year bNED rates were 36% and 69% with 70 and 80 Gy respectively. [13] Since a significant proportion of local or regional failures occurs 3 years beyond treatment, the 5 year follow-up of the above study confirmed the three year results of increased bNED with doses of above 70 Gy. [3] Dose-escalation studies using 3D-CRT is an ongoing clinical trial at Memorial Sloan Kettering Cancer Center. From baseline dose of 64.8 Gy, increments of 5.4 Gy have been evaluated upto 81 Gy. [14] The initial clinical response was dose dependent with 90% of patients receiving 75.6 Gy or 81 Gy achieving a PSA nadir of <1.0 ng/ml compared to 76% and 56% for those treated with 70.2 Gy and 64.8 Gy respectively. Dose-escalation with 3D-CRT has been identified as an independent prognostic factor in multivariate analysis for survival. [15] With 3D-CRT dose above 74 Gy the biochemical freedom from disease, cause specific survival and overall survival was significantly higher than dose below 74 Gy. Lyons et al. [10] proposed that radiation dose exceeding 72 Gy should be considered the standard care following their evaluation of 738 patients where with dose above 72 Gy the biochemical relapse free survival was 85% at 5 years compared to 54% for dose below 72 Gy.
The other major dose-escalation report in prostate cancer is from MD Anderson Cancer Centre. Pollock and Zagars [16] studied 938 men with prostate cancer at three dose levels, <67 Gy, >67-77 Gy and >77 Gy. 3D-CRT was employed for doses of 74-78 Gy. The actuarial freedom from failure at 3 years was 61%, 74% and 96% respectively for the above 3 dose levels.
Rectal and bladder tolerance dose have been the main blocking factors for dose escalation in prostate cancer. With the introduction of 3D-CRT, the early results reveal no significant increase of gastrointestinal and genitourinary toxicity with increased dose to prostate. In 96 patients treated with 3D-CRT to 75.6 Gy or 81 Gy the acute grade II rectal morbidity was 17% and urinary morbidity was 36%.
[4] All others had either no or grade I morbidity. No acute grade III side effects were observed. Late rectal morbidity was nil or grade I in 85%. Grade II morbidity occurred in 15%. The acute and late effects to high dose 3D-CRT was studied in RTOG 9406 prostate cancer trial. [17] In 262 patients of T 1 T 2 prostate cancer, treated to dose levels of 74 Gy, the tolerance has been found to be better than expected compared historical data. The study from France in 306 patients treated with conformal radiotherapy randomized to 70 Gy or 80 Gy dose reported similar rectal toxicity in both arms. [18] Morbidity evaluation from Fox Chase Cancer Centre 3D-CRT dose-escalation trial was reported on 232 patients who had a median follow up of 60 months and treated to a median dose of 71.58 Gy.
[3] The 5 year grade III and IV gastrointestinal toxicity was <1%.
The post 3D-CRT prostate biopsy was obtained at or >2.5 years after completion of therapy in 170 patients. [19] The positive biopsy for 64.8 Gy, 70.2 Gy, 75.6 Gy and 81 Gy doses were 57%, 36%, 27% and 4% respectively.
In our report of 51 patients treated to a median dose of 72 Gy, the tolerance to treatment was excellent. None developed acute or late grade III or more rectal morbidity. The tumor response to treatment has been satisfactory.
The appropriate dose for cure of early prostate cancer is still under investigation. 3D-CRT and intensity modulated radiation therapy dose escalation studies have provided strong evidence for radical treatment of early prostate cancer with doses >72 Gy. These doses can be safely delivered with 3D-CRT with no increase in gastrointestinal toxicity.
